Abstract: Linking time use of the inhabitants of a city with their energy consumption and urban form is an approach which allows integration of the social dimension into research on sustainable urban development. While much has been written about the planning of cities and its implications for human social life, the question of the relationship between time-use patterns and urban form remains underexplored. This is all the more astonishing as time-use statistics offer a unique tool for analysing socio-economic changes regarding family and household structures, gender relations, working hours, recreational behaviour and consumption patterns. Furthermore, spatial planning plays a significant role in establishing time structures. With this paper we aim to explore the possibility of using the time-use data of an urban population to find links between individual time-use patterns and urban form. We describe a case study in Vienna where we addressed time use and mobility of citizens in a participatory approach to jointly develop an integrated socio-ecological model of urban time-use patterns and energy consumption.
Introduction
Time-use structure of household members (including phenomena such as time squeeze and synchronization of activities of different persons), the energy requirements of households and the spatial organization of cities are connected with each other. Crossing larger distances between locations for activities requires more time, more energy or both. Consequently, lack of time often translates into spending more money and more energy, severely constraining individual and household choices. Further, time sovereignty, i.e., freedom of choice over one's time use, is considered to be a key feature for quality of life. Available time, as much as available money, governs everyday decision-making of household members concerning living space, consumption patterns and means of transportation. All of these activities consume energy (transport energy, heating/cooling energy, etc.).
As part of the ongoing UTE research project (Urban Time and Energy: A socio-ecological model for assessing time use and energy metabolism), we aim to gain greater insight into the drivers of time-use patterns and energy use by focusing on time-policy measures that consequently impact the energy and material consumption activities of urban households and the necessary urban infrastructure. An integrated socio-ecological simulation model is being developed to study the linkages between time-use patterns in differently structured areas of the city of Vienna and urban energy consumption. With time-use patterns for the daily routine of citizens on the one hand and the urban energy flow on the other, we aim to explore how different urban planning or transport planning policies could lead to more sustainable time-use patterns.
Our research is based on a broad range of literature review, data analysis, model development, expert interviews and a participatory process. In this paper we focus on the latter, the participatory process, to explore links between individual time-use patterns and urban form. For this, a case study was carried out in the city of Vienna to learn more about drivers of individual time use of citizens and gain systematic understanding about correlations with urban form. The case study area was selected by a two-step analysis: a factor analysis to group and reduce indicators into main components, and a cluster analysis using the factor scores for each neighbourhood area. The finally designated neighbourhood area is one of the most densely populated areas in Vienna, centrally located with good public transport infrastructure, and a dominating building stock of the Founders' Period. The urban district is just at the beginning of a revitalization process, an urban renewal office has been installed to actively support and coordinate revitalization and participation processes. By using qualitative interviews and workshops with representatives of important stakeholder groups, first assumptions about drivers behind time-use patterns were generated.
In this paper we focus on possible interrelations between time-use patterns and the urban space. A comprehensive review of key publications and transdisciplinary concepts that link time use, urban form and energy consumption are introduced in Section 2. In Section 3 we describe our methodical approach to find potential links between time use and urban form. In a case study in Vienna we addressed time use and mobility of citizens in a participatory approach to jointly develop an integrated socio-ecological model of urban time-use patterns and energy consumption. This case study is presented in detail in Section 4. The integrated socio-ecological modelling approach, which will guide our further research to synthesize concepts and insights from social and natural sciences into a coherent picture and thereby help to better understand the interrelations between various drivers behind the trajectories of socio-ecological systems, is presented in Section 5. Preliminary findings are discussed in the Section 6 and further steps finally summarized in Section 7.
Linking Time, Space and Energy

Time Policy and Time-Use Research
Time policy and its research is a young interdisciplinary field aiming to integrate time aspects in urban development planning and decision-making processes. In the early 1980s in Italy it was largely a result of linking gender issues to urban planning and transport [1] [2] [3] [4] , and it also has a tradition in Germany [5] [6] [7] and France [8] . These studies address the question of how major changes in western industrialized societies over the past 50 years-i.e., the increase in female employment, the shift to a knowledge society and changes in production and consumption patterns (Post-Fordism, precarious work, internationalization of labour)-lead to new patterns of time use, like more flexible working hours, multitasking, new working modes and different needs for services and infrastructure. In addition, they focus on how arising issues of time pressure and time conflicts can be addressed in terms of political measures concerning the times of a city [9] . The project draws on the international preliminary work and experiences gained from time-policy projects in Italy, Germany, France and the Netherlands. A few years ago, Vienna has launched an assessment of the potentials of communal time-policy in a feasibility study [10] . Similar to other international model projects, this study aimed at optimizing time issues in order to improve citizens' quality of life and their "time affluence".
In sustainability sciences, it is important to find indicators to assess quality of life and changes therein. Time use is an integrative aspect of many facets of quality of life and is seen as a helpful element to monitor [11] [12] [13] [14] [15] [16] [17] [18] . The terms "time scarcity" and "time affluence" [19] [20] [21] [22] are used to link economic and social factors and to find alternatives to a solely economic notion of growth and development [23] [24] [25] . Eurofound, the European Foundation for the Improvement of Living and Working Conditions, examines in its European Quality of Life Survey a range of issues, such as employment, income, education, housing, family, health, work-life balance, life satisfaction and perceived quality of society. Having sufficient time to fulfil both professional and personal goals-raising children, caring for older relatives, maintaining social and family contacts-is a crucial element in determining a good quality of life. However, findings from the European Quality of Life Survey 2007 indicate that work-life balance remains an elusive goal for many working Europeans [26, 27] .
Linking sustainability research with time-use research is gaining some importance in socio-economic national accounting, in non-monetary input-output approaches [28] [29] [30] and in other new attempts to strengthen socio-economic features within sustainability discourse [31] [32] [33] [34] [35] .
Time-Use Patterns and Urban Form
The first approaches to integrating time aspects in regional and geographical studies already appeared at the beginning of the 1970s. A central model was the space-time aquarium developed by Hägerstrand [36] . The movement of humans is demonstrated in a three-dimensional model, whereby the area is represented as two-dimensional map and the temporal dimension in the vertical Z-axis is supplemented. Range of movement and speed depend on outside factors and are subject to certain restrictions. Hägerstrand divides these restrictions into three categories: capability constraints, coupling constraints and authority constraints. His seminal paper "How about people in regional science" was the beginning of time-geography. Hägestrand's activity approach influenced fields ranging from urban planning to social sciences [37] [38] [39] [40] . However, his approach was most widely adopted in transport studies, largely because of its ability to represent individual behaviour and transport accessibility [41] [42] [43] . Today, GIS methods have made it easier to integrate space and time. With modern communication technologies, such as internet and cell phones, new questions about spatial and temporal constraints have been raised, as people can be at different places at the same time, but also new perspectives of mapping and visualization of activity-based movements have opened up [44, 45] .
A city's time map-its fast and slow speeds, working and opening hours, the locations of its businesses and its mobility infrastructure, which together set the pace for how its inhabitants move in it-is of major importance for the temporal quality of city life and work [11, 46, 47] . While much has been written about the integration of time and space in geography and transport science, there are few surveys of the interdependencies between time use in cities and their connections with urban form [47] . Henckel and Herkommer [48] refer to the "temporal topography of cities" as an "indicator for quality of life". In light of Levine's [49] "pioneer step to an empirical approach to the question of the speed of cities", they ask for the driving forces of urban speed and conclude with the demand for a "chrono-urbanist perspective" in urban studies.
The influence of urban form and energy consumption is particularly discussed with regard to transport planning [50] [51] [52] . Schafer et al. [53] found that on average a person spends 1.1 h per day travelling. This time budget, together with a precise idea of the travel money budget-depending on their income level-is stable over space and time. His findings indicate that with greater distances citizens shift to faster modes of transport. The vision of a sustainable city is strongly associated with less dependence on automobiles and urban areas linked by public transport systems. Apart from transport, a number of principles related to energy, water and food security, conceptual models for zero-emission and zero-waste urban design, or the importance of social sustainability [54] have attracted increasing attention in the international debate.
Urban sprawl is seen as a major challenge for today's cities [55] [56] [57] . In opposition to efforts to counter large-scale expansion in terms of area, land-use is constantly growing. For example, in Austria, 15 hectares of land are transformed daily into construction sites and transport infrastructure [58] . Along with the loss of land as an important future CO2 sink and source of energy and raw materials, the high ensuing costs (infrastructure costs for construction, maintenance, repair and renewal) and all further climate-related consequences of urbanization (increase in individual motorized transport, expansion of additional traffic routes, great use of fossil energy sources, etc.) are alarming. Contemporary models of built environment and spatial planning aim to align themselves again with the historical city. Knoflacher describes a "space-time dimension on the human scale" in the historical city whereas the "new city" is oriented along a "space-time dimension for machines" [59] . Concepts of the "compact city" or the "city of short distances" are favoured in contrast to the inflexible, divided and homogenous use of spaces [60] [61] [62] . Many authors outline three aspects of the compact city: a high density of population and built environment, a mixed-use city with a varied mix of supply of facilities and services and intensified urban land-use.
A growing body of research analyses potential indicators for a sustainable urban form [63] [64] [65] [66] . Usually a mix of socio-economic indicators together with indicators that describe landscape metrics is proposed [67] . In recent times, the question of standardization of cities had been introduced, in response to the international trend to establish Smart Cities. However, there are no mandatory definitions for Smart City concepts so far. On the contrary, various meanings and interpretations exist, usually reflecting commercial or political interests. As a first step of harmonization, the International Organization for Standardization (ISO) published in 2014 the standard ISO 37120:2014 [68] , "Sustainable development of communities-Indicators for city services and quality of life", outlining a set of indicators to compare and evaluate cities.
Urban Energy Use
Departing from energy metabolism as a crucial concept in assessing society-nature interaction and sustainable development [69, 70] we focus on energy use. Urban energy use can best be understood from a demand perspective, not just for final energy forms, such as electricity or transportation fuels, but for energy services [71, 72] . Each household and economic activity in urban areas can be interpreted as a demand for energy services, such as mobility (physical access to certain destinations and certain goods), ambient temperature (hotter or colder than the local climate), or working appliances (for home, office and industry, communications, etc.). These urban energy services are common to most urban areas, but the energy consumed to provide them varies greatly. Household demand for energy services changes depending on several factors, which can be categorized as economic, demographic and behavioural.
The positive correlation of income and energy use has been long established in the traditional energy literature, especially in national level analyses. Energy use correlation with income has been measured for households in the Netherlands [73] , India [74] , Brazilian cities [75] , Denmark [76] and Japan [77] , with similar results for GHG emissions in Australia [78] and CO2 emissions in the USA [79] . Urban dwellers consume energy directly, in their homes and vehicles, and indirectly, through the goods and services they purchase. Since urban incomes are often higher than the national average, by this metric alone, urban populations can be expected to consume more energy than non-urban populations.
Demographic factors such as population growth, household size, average household age and migration influence urban energy usage. Household size plays an important role in energy use: above two persons per household, economies of scale can reduce the energy consumed per capita. Urban populations may have significantly smaller household sizes than rural populations, due to smaller family sizes and a larger generation gap as well as smaller dwellings, and are thus less likely to shelter extended families or many generations under the same roof. The evidence for the influence of age is mixed. In Sydney, increasing age was correlated with higher residential energy consumption but lower transportation use [80] . The most important effect of age may be through resulting changes in household sizes.
Behavioural or cultural factors clearly influence energy use: e.g., using a car, especially a big car or SUV, as a social status symbol, compared to using the bus or a bicycle. Individual behaviour and household decisions on dietary patterns, eating habits, preferred ways to spend leisure time and many other elements are surveyed in research on sustainable consumption and possible rebound effects [81] [82] [83] [84] [85] [86] [87] . Recent research on energy consumption and gender aspects [88, 89] , on household behaviour according to energy use [90, 91] and studies on individual mobility types [92] and sustainable lifestyles [93, 94] will supply valuable guidance for potential time use and energy scenarios.
Research Design: Time-Use Data and Urban Form Indicators
Time-use research is an interdisciplinary research field interested in how people spend their time during an average day, i.e., what activities they pursue for how long sometimes including information on locations or other people present. This information is usually collected in the form of time diaries using time-use surveys. We use such a time-use survey to analyse linkages with urban form and infrastructure, aiming to expose sustainable energy consumption patterns. These in turn can be influenced either by behavioural changes in individual time use, or by structural changes in the urban fabric and infrastructure. Our methodical approach and how to define and measure time use and urban form is subject matter of this section.
Time Use: Data and Definition
In socio-ecological, research time use can be classified according to its function in different systems. Time is used by individuals to produce and reproduce the personal system, the household system, the economic system and the community system [95] . These classification can be translated into time-use categories with the terms developed by Minx & Baiocchi [28] and can be operationalized with data from actual time-use surveys ( Table 1 ). The time needed for mobility between activities can be included to the four categories. For the purpose of this study we decided to take time needed for transportation (by whatever means) as an extra category, as this is an important activity related to urban form and ideas on sustainable development of cities. A number of European nations conduct time-use surveys on a regular basis. These data are widely used to analyse changes in gender relations [28] [29] [30] [31] [32] and socio-economic changes like family and household structures, working hours, recreational behaviour and consumption patterns [22, [33] [34] [35] . Statistics Austria finalized a new time-use survey for Austria in 2009, which serves as a data base for this research [36] . In this survey, 8234 respondents living in 4757 households have been asked to record all activities for a full day in slots of 15 min between 5 a.m. and 11 p.m. and of 30 min during the rest of the day. Respondents were allowed to report up to two simultaneous activities. Aside from their time use, respondents were asked to take down information on the presence of other people and the location. No pre-defined activity categories were provided, but activities were recorded in the respondents' own words. The resulting survey sheets were then transformed into 427 activity categories by trained coders. Examples of very broad activity categories derived empirically are shown in Table 1 .
With this very detailed measurement of time use as a foundation, we are able to empirically analyse the link between time use and various socio-economic and socio-demographic variables that were recorded together with the time-use survey. This enables us to assign time-use values to each activity category of the agents in the agent-based model based on these socio-economic and socio-demographic variables like age, household size, income, presence of children in the household. For example, a household without children will have no time use for child care assigned in the agent-based model.
Definition and Indicators of Urban Form
Relevant studies provide a wide range of significant parameters for urban form [63, 68, 96, 97] . The defining indicators range from various variables of density or land use to socio-economic and economic factors affecting the urban metabolism of a city, or transport related variables [63, 64, 67, 97, 98] . We focus on indicators for a sustainable urban form and ask for linkages with time use and impact on the environmental performance. Morphological characteristics of urban form, such as monocentric, polycentric, compact or dispersed are the most common indicators to define sustainable urban form. The causal relationship between time use and urban form is most evident in distance related parameters, but can also be seen in new forms of compressing time and space that have emerged against the background of new developments in information technology and new modes of transportation. Although it is difficult to precisely quantify savings in energy use from time-policy measures, the results of related publications provide evidence on the extent to which time use and urban form matter [34, 99, 100] .
When assessing characteristics of urban form we concentrate on urban design concepts that have significant links with time use and energy consumption. Due to findings from the literature [54, [63] [64] [65] [66] 97, 98] and according to the requirement to operationalize them through time use related indicators, we focus on the following three key dimensions of urban design concepts: density, mixed land use and sustainable transport. In this context we define density as the density of population and buildings-in brief, the intensity of land use. Mixed land use refers to the diversity of functions within the urban area and the close proximity between housing, workplaces, educational institutions, leisure and supply infrastructure or green spaces. Sustainable transport is characterized by the public transport system, car ownership, modal spilt and the attractiveness for cycling and walking. Table 2 contains variables that operationalize these three dimensions of urban form and shows the assumptions which guide our research. Indicators will be measured on the city level; for more in-depth analyses, investigations on the district or even on the neighbourhood level are performed. 
How to Link Time Use and Urban Form
Our understanding of sustainable time-use patterns involves an urban life with low carbon emission, along with high standards of quality of life for city dwellers. In particular, urban form in connection with sustainable time use and quality of life means decentralized, well-mixed areas with little need for long commuting, because workplaces, educational institutions, living space and recreational space and facilities are close. At the same time it can allow for a higher quality of life and counters the ever greater acceleration of our lives, which leads to higher energy demands.
We establish our hypothesis about sustainable time-use patterns on three main morphological and functional parameters of sustainable urban form: density, mixed land use and sustainable transport. These parameters have been specified and operationalized with measurable indicators in Table 2 . To explore interactions between urban form and individual time use, our research is guided by the following assumptions: -Urban density enables choice for more sustainable modes of transport and less travel time.
Mixed land use minimizes travel time between activities and makes stipulating different activities easier.
Sustainable transport enables multi-use of time (e.g., walking, cycling/health, mobile work in public transport), and more time-sovereignty to use time of travelling.
In our case study this hypothesis were adopted to the external conditions found in the given neighbourhood area. Density, mixed land use and sustainable transport, here in our understanding enabling design concepts of a sustainable urban form, were questioned and analysed in terms of influencing factors regarding individual time use.
Case Study: Fasanviertel, Vienna
Urban density is a key factor providing infrastructure, water and energy supply to people living closer together. In a case study in the city of Vienna, we explored individual time-use patterns of citizens in a participative process. Thereby, the local infrastructure and built environment formed the structural basis for our research. The aim of this step was to gather qualitative data on drivers of individual time use and to learn more about its links to urban infrastructure.
Case Study Area, Multi-Stage Selection Process
The project focus on the city of Vienna. Based on an analysis of seven groups of indicators shown in Table 3 in each of Vienna's 250 neighbourhood areas ("Zählbezirke") we specified our case study area.
The analysis consists of two steps: first, we conducted a factor analysis to group and reduce the indicators into main components and to reduce correlation between the indicators to a minimum for the second step. This second step involved a cluster analysis using the factor scores for each neighbourhood area and each main component. The factor analysis resulted in the following four main components or, more theoretically, typology of indicators for neighbourhood areas:
(1) "Small households and old population": higher representation of old residents and very low representation of young residents, high representation of small households. Prior to the cluster analysis, we excluded nine cells mainly because they are largely uninhabited. Table 4 gives an overview of the resulting five clusters and Figure 1 shows the classification of each cell resulting from the cluster analysis. The type of neighbourhood our case study area belongs to (cluster three, shown in orange in Figure 1 ) has the highest score for the factor associated with single or couple households, a high share of inhabitants aged 65 years or above and a very low share of young inhabitants aged up to 19 years. The average factor scores for the other three factors are slightly below average, indicating a generally lower share of workplaces, public transport infrastructure, shopping infrastructure, green areas, schools and day-care facilities, and high-income households.
As cluster three best represents important indicators of social change (ageing society, increase in single households) coupled with a higher share of low-income households and residences in urban renewal districts, it clearly belongs to the class of neighbourhoods presenting the greatest challenges for future development and urban planning. The result of the cluster analyses made obvious that Vienna's third administrative district is almost entirely under this classification. Together with local experts from the Urban Renewal office, we decided to select the Fasanviertel, a small area of the inner part of this district which is just at the beginning of a revitalization process.
Case Study Area Fasanviertel: Urban Form and Infrastructure
Vienna's urban form is characterized and has been structurally shaped by its long-standing historical past. Today's city centres' building fabric can be traced back to Roman and Medieval times. During the Founders' Period, from post-1850 to 1914, industrialization and modernization initiated Vienna's rapid urban expansion. The population increased from 430,000 in the middle of the 19th century to 1.6 million in 1900, and more than 2.2 million in 1918 [101] . This period, also known as Gründerzeit, shaped the Today this areas are "potential urban renewal areas". Beginning in the 1970s, the necessity of a renewal of the rental housing stock in the densely built up areas of the Founders' Period became obvious. Urban Renewal offices were installed in the concerned districts to provide information and counselling on the issues of revitalization or renovation of housing and public areas.
The selected Fasanviertel is one of the densely built up areas of the Founders' Period. A large number of the existing building stock dates from 1870 to 1914. Caused by urban growth, the Fasanviertel is now centrally located and connected to a good public transport system. Table 5 provides some basic area and population statistics for the city of Vienna in comparison with the case study area Fasanviertel while Figure 2 shows the geographical location of the study area. Unlike other districts, the Fasanviertel is spatially isolated from its surroundings by environmental barriers. To the south a heavily used main road forms a barrier to the neighbouring park. The bastioned walls of the historically significant baroque Palaces and Gardens of Belvedere-the former summer residence of Prince Eugene (1663-1763)-form the border in the west while the tracks of a light rail system represent barriers and obstacles in the east. Only to the north is a smooth transition to neighbouring residential areas enabled through several passages and continuing streets. The area is most densely built-up, with more than two third small or medium sized multi-story working-class apartment blocks which were built during the Founders' Period (Gründerzeit) or before. Only the apartment blocks facing the historic Palace Belvedere show a different view, with generously designed residential buildings for the upper-middle class, remnants of the monarchical past. The district has no green spaces or parks, but it is adjacent to two of them, the historic Gardens of Belvedere and the Schweizergarten. Public transport that connects the district with the city centre or with the main train station is very well accessible.
Shopping and retail infrastructure is well distributed, although high-quality suppliers are missing within the district. One main shopping street (Fasangasse) runs through the area vertically, with two main supermarkets, a commercial bank, a public library, some service providers and some variety of smallor medium-sized retail stores. Apart from this main shopping street, only a few shops or services are located there. Since a newly built and modern shopping centre with attractive businesses has recently been opened in immediate proximity to the case study area, this area suffers from movement of branded stores.
A public Kindergarten, one primary and one secondary school are embedded in the densely built up residential area. Leisure infrastructure such as coffee shops and restaurants are hardly available. Nevertheless, a small privately run theatre in the basement of a residential building provides some cultural activity. Overall, the district has a reasonable social and cultural infrastructure but is not one of the very vibrant city districts. Figure 4 shows private and public services and the infrastructure of the case study area. It has, however, become apparent that the district needs some support to initiate a process of revitalization or renovation of housing and public areas. This is why an urban renewal office was installed in 2013. The office has the task of initiating and coordinating activities, supporting involvement in the neighbourhood, inviting residents to participate actively in planning processes, balancing the interests of different stakeholders and organize events and exhibitions.
Participative Process
We use the participative process for many purposes; one of them is to gather qualitative data on drivers of individual time use. These data serve on the one hand as a test of the assumptions regarding time use, and on the other hand they help to complement the model. In addition, this discussions helps to improve the understanding and possible usability of the model by stakeholders.
In the case study, assessing the local infrastructure and built environment formed the basis for our participative process. In close cooperation with the urban renewal office we compiled a list of stakeholders, coming from different fields and having different demands regarding time-structures. We invited a group of twelve local representatives from administration, education, economy and neighbourhood initiatives to a series of three workshops with different elements, including time-use plans, maps and focus group discussions. The workshops took place in various locations, directly located in the urban district.
The themes of the workshops were outlined along our hypothesis how time-use patterns and urban form are related to each other ( Table 2 ). Urban form concepts-density, mixed land use and sustainable transport-were questioned and analysed in terms of influencing factors regarding individual time use. The selected neighbourhood area Fasanviertel is one of the very densely populated areas in Vienna. It provides several offers of public and private infrastructure for mixed use, and is very well connected by public transport. Assuming that significant features of the three enabling designs concepts of a sustainable urban form are present, we focused on the question how the local infrastructure and built environment is reflected by individual time use preferences or constrains.
Results
By using qualitative interviews with representatives of important stakeholder groups, first assumptions about time-use patterns and energy use were generated. During workshops, participating experts and stakeholders could gain systematic understanding of the time-policy relevant questions in correlation with energy use.
At the first workshop we presented the project aims and an overview on time-use policies from European cities. The participants worked on drivers which determine their own time use. These drivers were discussed in the group subsequently. This focus group discussion enabled the verification of the stated drivers, as each group participant was challenging or confirming the individual statements of other discussants. The resulting comprehensive shared list of drivers of individual time use (Table 6 ) is the outcome of the first workshop.
It is worth highlighting that the proposed drivers of time-use activities are, except for personal time, seen in conjunction with either the accessibility or the attractiveness of local urban infrastructure. Beside this, the second important driver which was mentioned frequently was care obligations for children or elderly. In this context the social network plays an essential role, but a social public or health service infrastructure in spatial proximity to one's home is also seen as a decisive factor.
The second workshop was focused on learning about individual time use and its link to urban infrastructure. The participants created their own time-use data for a working day and a Sunday. This insight into their own time use were a good basis to discuss the possibilities and constraints presented by the actual situation of transport and urban infrastructure in the area. In light of the discussion of urban density, the results of the workshops confirmed the importance of urban infrastructure being easily reachable and nearby. The infrastructure mentioned most was shopping facilities. In Fasanviertel, little shops are closing down and a former shopping street is not attractive enough any longer. Usually this would attract shopping activities farther away by car and more individual transport, but as a shopping mall has recently opened quite nearby that is easily reached by public transport, a negative impact on travel behaviour was possibly avoided. Nevertheless, people feel discomfort and reduced quality of life because the former shopping street has lost its vibrancy.
Infrastructure in terms of facility for children is abundant and easily reachable, as are doctors and other health services. Urban administrative infrastructure was more and more centralized during the last years. However, electronic services have increased during the same time span and the need for travelling for administrative purposes for citizens is diminishing.
What inhabitants are missing in the Fasanviertel are restaurants, cinemas and bars. People tend to travel for entertainment and socializing. As this travelling is scheduled more during night time, this leads to an increase in individual motorised transport. A need for better transport services during night time was stated.
As for the mixed land-use hypothesis, we can state that what is really missing in Fasanviertel is workplaces. The case study presents a very dense central quarter with a very mixed population living there. However, it is mostly a pure residential area and people have to leave the neighbourhood area for employment. This means that many people commute to other parts of Vienna.
Time preferences in the workshop were mostly linked to the family/household situation: when there are more people to be cared for there is less time to diversify one's leisure time preferences. It came as a surprise that caring for animals, especially dogs, is another factor which influences mode of travelling and choices for leisure time. The good quality of publics transport helps to choose it for daily trips. However, the fact that a person has to care for children, elderly persons or dogs often results in choosing private cars.
Fasanviertel has a lot of green areas in its surroundings, and it is easy to walk and cycle in the quarter and to the parks nearby. These options are widely used for leisure and recreational activities, but could still be enhanced with better accessibility to these green areas via cycling routes and pedestrian bridges.
The aim of the third workshop was to learn about time-use preferences of individuals and households. Discussion was directed to the questions on changes in one's biography leading to change in time-use pattern and changes in one's living quarter and its impacts on time use, and ended with the question of time preferences: what would you like to do with more time available?
One result of this workshop was that these questions should not only be asked from the selected representatives but of a wider range of people living in the area. The base of qualitative data, especially on questions of time-use preference, will be enlarged by a series of ongoing interviews. Furthermore, the project was presented in various contexts, which led to a series of qualitative semi-structured interviews on individual time use, time-use preferences and mobility behaviour in relation to the case study area. These interviews are not yet concluded. We expect that together with the results of these workshops they will form a coherent picture of time-use patterns and interlinkages with sustainable urban form. Finally, the collected qualitative information will be implemented in our agent-based simulation model to further explore potentials for lower energy consumption.
Participatory Modelling to Link Time Use and Urban Form with Energy Use
In our UTE (Urban Time and Energy: A socio-ecological model for assessing time use and energy metabolism) research project, we will enhance the previously presented research by focusing on energy use. An integrated socio-ecological simulation model is being developed to study the inter-linkages between time-use patterns and energy consumption. This section describes the methodical approach to study potential inter-linkages. The research is still ongoing and final results will be part of following publications.
Participatory Modelling: Discussing Time Use and Energy Use
In analysing changes in the use of energy in the city, it is important to take into account that these changes are based on human decision-making, occurring at a very local scale on a day-to-day basis. Recent developments in computational science allow for the application of numerical models for the systematic analysis and simulation of human decision-making and its direct and indirect effects. Agent-based modelling can be applied as a means for testing hypotheses about interrelations in complex human-environment systems [108] [109] [110] in cases where approaches limited to the analysis of social or biophysical parameters alone are insufficient. Moreover, model development provides a transdisciplinary platform for stakeholders and experts to communicate on equal footing throughout the research process. Participation of this kind is described as key to enabling social actors or social systems to learn from, or be stimulated by, a research process (e.g., [111] ) and represents a core methodology of sustainability science [112] .
We explore the options for a more sustainable urban development which depend on internal choices (of households) as well as on changes in the external framework conditions, such as urban infrastructure or time-policy measures. The "triangle of sustainability" [113] is a concept that helps to visualize the three corners of and the systemic links between the three aspects of sustainability. We model the households according to the three aspects as agents, who use energy (mostly transport and heating energy), have a certain income and a specific time-use pattern according to their family and work situation.
Scientific models mostly reflect theories and concepts developed within single disciplines and usually focus on ecological, social or economic aspects. To analyse socio-ecological systems and impacts of external drivers on these systems, the approaches of various disciplines are needed. Integrating different modelling approaches (agent-based, stock-flow, etc.) makes it possible to integrate social-science based approaches with concepts from the natural sciences [108] . Our model will be able to integrate data derived from participatory and social science methods in a local case study with biophysical data (e.g., built infrastructure, energy supply) and socio-economic factors (e.g., time-use patterns, energy consumption).
The integrated socio-ecological modelling approach can synthesize concepts and insights from social and natural sciences into a coherent picture and thereby help to better understand the interrelations between various drivers behind the trajectories of socio-ecological systems.
Agent-Based Model of Urban Time and Energy Use
Agent-based microsimulation models have been applied in the past mainly to simulate transportation networks, since they allow for a comprehensive, logically consistent and theoretically sound implementation of two-way interactions between land use/urban form (land development, building supply, location choices, etc.) and transportation (mode choice, travel demand, public transport accessibility, etc.) [114] . More recently, there have been efforts to extend such models into the area of urban energy modelling (UEM) [115] .
The model described here builds upon a residential location decision model developed for the city of Vienna for the FP 7 project SUME (Sustainable Urban Metabolism in European cities, http://www.sume.at/) that includes land development scenarios and a demographic sub model [116] . Figure 5 shows an overview of the components of this model, which focuses on households and their residential location decisions in relation to their economic and demographic situation [117] . Based on assumptions according to their internal structure (see demographic sub model, family members, age, income) and external urban planning decisions changing infrastructure access in different areas in Vienna, households need or want to move to another place of residence (residential sub model). Scenarios of urban planning will be incorporated into the model by defining areas of urban development where transport facilities, housing or commercial buildings might be built or improved, thus providing changed transport speeds, number of dwellings, number of workplaces or direct energy requirements for heating.
A lifestyle/activity-planning module and a transport simulation complete the model to include all components identified by Miller [118] as critical for a land use and transport interaction (LUTI) model. The model will be parameterized to represent the city of Vienna to be able to apply time-and energy-use scenarios based on empirical data.
In order to incorporate household decision-making on time use (time-use sub-model) and the corresponding interactions within households, the households and their members need to be represented as active agents within the model, thus endorsing an agent-based modelling approach.
A spatially explicit distribution of households in Vienna according to their socio-economic situation forms the base data for the UTE model. Assumptions about time-use requirements of households derived from literature and to a large part from the participative modelling process as well as time-affecting services in urban areas are introduced to complement the model information.
By means of an agent-based land-use and transport simulation, it is possible to simulate the effects of a number of changes in time-use structures of private households as well as on their residential and mobility behaviour. Table 2 shows a list of possible features to draw indicators from for scenario-building, like different urban densities and resulting travel distances and times, or different building ages and renovation status resulting in diverse heating energy requirements, or different green and open space structures influencing time use for outdoor activities by the city's inhabitants. Consequently, the model output can be used as a base for the estimation of household heating and transportation energy use, which can be assessed through household consumption and economy-wide input/output statistics [99, 119] . The interlinkages between time use and energy use will be modelled for different household types (distinguished by socio-demographic and economic status) according to the actual data of the urban model area.
Implementation in Different Types of Urban Areas
This model concept will be adapted to different types of urban areas, such as urban renewal area, new urban residential area and urban development area (see Table 7 ). It is in the interplay of these areas that the study will investigate to what extent time-policy measures can result in added energy efficiency and altered energy consumption.
After implementing the model and using the model results, future scenarios and policy measures developed in our case study, we will design a transfer process enabling us to learn more about the model. This will primarily enhance cooperation with stakeholders and people interested in applying the model.
Discussion
Linking time use data with energy data and urban planning is a demanding but promising way to integrate social dimensions into the discussion on sustainable cities. The methodological challenges are based in the availability and missing connectivity of data. We owe to the good ideas of our colleagues [34, 77, 99] and draw from our modelling and participatory research experience [117, [120] [121] [122] [123] as well as experience in urban planning [46, 47] .
One of the major challenges in understanding and modelling changes in time-use patterns-i.e., bringing together time-use data with time-preference data-is the lack of studies and data on time preferences that might partly be owed to the well-known difficulties of empirically capturing preferences in general (e.g., stated vs. revealed preferences, influence of economic considerations on formation of preferences). However, there are various efforts in progress to shed light on this issue. Amongst other initiatives, we are currently conducting a series of qualitative interviews supported by the survey of relevant spatial structures and information on time use to further our understanding in that respect.
Urbanization is expected to continue at a high level with cities facing various challenges and megatrends. The case study helps to understand drivers of time-use patterns and analyse their connection to urban form as well as urban planning. The initial results show that urban infrastructure and services are crucial in terms of the way people spend their time. Urban planning measures designed in accordance with this knowledge can help to find pathways towards a city with a high quality of life and a sustainable way of using energy.
Designs for urban infrastructure which allow an urban life with lower carbon emissions are of great interest to urban planners and administration. They are involved in the knowledge production of this research as a local advisory board. We will develop scenarios for the future development of Vienna jointly. Time-use policies can be designed as a result of back-casting exercises with these experts. The city of the future with decentralized, well-mixed areas with little need for long commuting, because workplaces, educational institutions, living space and recreational space and facilities are close, can allow for a higher quality of life while at the same time countering the ever-greater acceleration of our lives, which lead to higher energy demands.
Conclusions
The principal outcome of the project is a model-based integrated understanding of the interrelation between time use and energy use in a city. Time-space-energy scenarios can highlight the potential of changes in time-use structures in terms of energy-use reduction. The project's potential for impact is the development of a decision support tool which can be used by stakeholders in communal administration, urban development and planning bodies in politics and civil society. The realization of a politically useable model that can trigger and guide time-policy measures of the city's administration and planning processes, which integrate time-policy, participatory processes and energy saving, is envisaged as a final result of this project.
